The Hipparcos proper motions of 220 galactic Cepheids, together with relevant groundbased photometry, have been analysed. The effects of galactic rotation are very clearly seen. Mean values of the Oort constants, A = 14.82 ± 0.84 km s −1 kpc −1 , and B = −12.37 ± 0.64 km s −1 kpc −1 , and of the angular velocity of circular rotation at the Sun, Ω o = 27.19 ± 0.87 km s −1 kpc −1 , are derived. Comparison of the value of A with values derived from recent radial velocity solutions confirm, within the errors, the zero-points of the PL and PLC relations derived directly from the Hipparcos trigonometrical parallaxes of the same stars. The proper motion results suggest that the galactic rotation curve is declining slowly at the solar distance from the galactic centre ((dΘ/dR) o = −2.4 ± 1.2 km s −1 kpc −1 ). The component of the solar motion towards the North Galactic Pole is found to be +7.61 ± 0.64 km s −1 . Based on the increased distance scale deduced in the present paper the distance to the galactic centre derived in a previous radial velocity study is increased to R o = 8.5 ± 0.5 kpc.
INTRODUCTION
The measurement of trigonometrical parallaxes and proper motions of Cepheid variables by the Hipparcos satellite (ESA 1997) represents a major advance over earlier work because of the scope and accuracy of the new results and the fact that they are referred to a co-ordinate system which is uniform over the whole sky and based on the positions of distant extragalactic objects. The link between the Hipparcos reference frame and the International Celestial Reference System (ICRS) based on the positions of extragalactic radio sources implies that the Hipparcos proper motions are quasi-inertial to within ±0.25 mas yr −1 (ESA 1997 volume 1 section 1.2). In a previous paper (Feast & Catchpole 1997 = paper 1), the zero-point of the Cepheid period-luminosity (PL) relation was derived from Hipparcos trigonometrical parallaxes. The present paper is primarily concerned with an analysis of the Hipparcos proper motions. We also use the Hipparcos trigonometrical parallaxes to derive zero-points for PL and period-luminosity-colour (PLC) relations which have been recently adopted in discussions of the radial velocities of Galactic Cepheids. This allows us to revise Galactic ⋆ Based on data from the Hipparcos astrometry satellite constants derived from the radial velocity studies. The constants of absolute and differential rotation of our Galaxy are derived from the Hipparcos proper motions. The value of the Oort constant of differential rotation, A, derived from the proper motions is essentially independent of the adopted distance scale; whilst that derived from radial velocities is nearly inversely proportional to this scale. Thus a comparison allows us to confirm the Cepheid luminosity scale derived from the trigonometrical parallaxes.
OBSERVATIONAL DATA
The Cepheids discussed in the present paper are listed in Table 1 . This table gives the Hipparcos Catalogue number (HIP), the variable star name and the values of V and B − V adopted. These latter values are from the sources discussed in paper 1. The table also gives the log of the period or, for the stars noted in paper 1 as pulsating in the first overtone, the log of the fundamental period calculated in the manner described there. These latter stars are denoted by "o" in the last column of the table. The effects of overtone, and possible overtone, pulsators on the trigonometrical parallax work were discussed in detail in paper 1 c 0000 RAS so far as the 26 stars used for the adopted PL zero-point were concerned. Any likely effect on the PL zero-point of an uncertainty with regard to pulsation mode was shown to be very small and this also applies to the trigonometrical parallax analyses of the present paper. It remains possible that there are a limited number of unrecognised overtone pulsators amongst the full set of stars listed in Table 1 . Most of our results from the proper motions (e.g. concerning A and Ωo) are quite insensitive to distance errors and thus to a possible misidentification of the pulsation mode of some stars (see, e.g. sections 5 and 6 below). Second-order terms and values of the local solar motion will be affected by any such misidentification but the effect is likely to be very small. For instance the value of wo (defined in section 9 below) might be slightly underestimated due to this cause.
In carrying out the analyses two slightly different sets of reddenings (EB−V ) have been used. When a PL relation has been used to estimate distances the reddenings were derived from the period-colour relation used in paper 1, viz; B − V = 0.416 log P + 0.314
(1) (Laney & Stobie 1994) . The advantage of doing this is discussed in paper 1. However, this advantage no longer applies when the distances are being derived from a PLC relation. In that case the reddenings listed in Table 1 were used. These were taken where possible from the compilation of Caldwell & Coulson (1987) and are on the two-colour, BV I, system with a zero-point derived from Cepheids in open clusters. It should be noted that reddenings in the BV I system provide the basis for the PC relation (equation 1). For stars which are not in the Caldwell & Coulson compilation, reddenings were taken from Fernie (1990) or from determinations on the same system (Fernie et al. 1995, electronic catalogue) . With the adopted reddenings, values of AV were derived using equation 7 of paper 1 (see Laney & Stobie 1993) . The astrometric data can be obtained directly from the Hipparcos Catalogue (ESA 1997) . This gives the trigonometrical parallaxes of the stars together with their standard errors. The parallaxes of the 26 Cepheids of highest weight in the PL zero-point solution of paper 1 are given in that paper. The Hipparcos Catalogue also gives for each star the proper motions in Right Ascension and Declination (µα * = µα cos δ and µ δ ), their standard errors and the coefficient of correlation between the two proper motion components. All the astrometric data are expressed in milli-arcsec (mas).
PLC AND PL ZERO-POINTS
When in later sections of this paper the results from the Hipparcos proper motions are compared with radial velocity studies we shall be referring principally to two recent radial velocity studies of Cepheid kinematics, viz., Metzger et al. (1997 = MCS) and Pont et al. (1994 = PMB) . In deriving distances MCS use a PL relation whilst PMB use a PLC relation. The Hipparcos trigonometrical parallaxes are used below to derive zero-points of these relations. A comparison with the zero-points actually used by MCS and PMB then indicates the scaling factor necessary to bring their results onto the scale set by the trigonometrical parallaxes.
MCS use a PL relation of the form:
with ρ1 = −1.23. Revised values of ρ1 have been derived using precisely the same methods and data as used to derive the PL relation in paper 1 and for the same groupings of stars. Four solutions are given in Table 2 . They correspond to solution A and numbers 1, 2, 4 and 6 of paper 1 Table 2 . In paper 1 additional solutions (solutions B) were given taking into account possible errors in addition to those of the parallaxes. Since these were shown there to be only marginally different from solutions A they are not given in the present case. As with the analogous solution in paper 1 we adopt solution 4 as the best value of ρ1 (= −1.38 ± 0.09). Thus the Hipparcos parallaxes indicate that the MCS zero-point should be brightened by 0.15 mag or their distance scale increased by 7 percent. It may be noted that the interstellar reddenings adopted by MCS are on the BV I system of Caldwell & Coulson (1987) . As with those adopted in paper 1 they have as their zero-point the reddenings of Cepheids in open clusters. Thus these two systems of reddening should be closely similar. PMB use a PLC relation of the form:
(see Feast & Walker 1987) . PMB adopt ρ2 = −2.27. In deriving a value of ρ2 from the Hipparcos trigonometrical parallaxes, the general procedure of paper 1 was again followed. But for the reasons given in section 2 (above), the reddenings listed in Table 1 were used. For the 26 stars of highest weight (which are the same 26 stars listed in Table 1 of paper 1) all the reddenings come directly from Caldwell & Coulson (1987) . There should be negligible intrinsic scatter in the PLC relation. Martin et al. (1979) (see also Feast & Walker 1987) found that a sample of LMC Cepheids showed a scatter of 0.14±0.02 about a PLC relation. This scatter includes observational error, errors in reddening corrections and distance scatter within the LMC. It should therefore be an upper limit to the scatter in the sample of stars used with the Hipparcos parallaxes, especially since these are brighter and generally more extensively observed photometrically. Note that because the coefficient of the colour term in the PLC relation is similar to the ratio AV /EB−V , the PLC relation is relatively insensitive to errors in the reddenings. Following the method discussed in paper 1, the PLC zero-point was derived taking into account the errors in the parallaxes and the possible scatter in the PLC relation. Table 3 shows the results with this latter scatter (σP LC ) taken as 0, 0.10, or 0.20 mag. The solutions correspond to the four solutions of Table 2 . It is clear that within reasonable limits the value of σP LC has little effect. We adopt solution 4 with σP LC = 0.10 (−2.38±0.10). This is 0.11 mag brighter than than the zeropoint used by PMB, or an increase in the distance scale of 5 percent.
THE ADOPTED PROPER MOTIONS
The Hipparcos proper motions and their errors (see section 2 above) were converted into components in galactic longitude and latitude (µ ℓ * = µ ℓ cos b, and µ b ) and their errors, using the constants provided in the Hipparcos Catalogue and taking into account the correlation between proper motions in Right Ascension and Declination. Then if µ is the proper motion in mas and d is the distance in kpc, the corresponding velocity is κµd km s −1 where κ = 4.74047 (a value also taken from the Hipparcos Catalogue).
In analysing the proper motions account must be taken in the weighting not only of the standard errors of the proper motion components themselves (σ ℓ * , σ b ) but also the scatter about an adopted galactic model due to the random motions of the stars. The weights were taken as proportional to the reciprocals of the squares of σ κµℓ * and σ κµb , where,
and
α, β and γ are the axes of the velocity ellipsoid for which we have adopted the values 13, 9 and 5 km s −1 for Cepheids from Delhaye (1965) (see also PMB).
Of the Cepheids for which astrometric data were available from Hipparcos, the following stars have been omitted in the analyses for the reasons given below. In most cases the stars were rejected because of the large peculiar velocities (given below) derived in preliminary analyses using PL distances and the proper motions. H10, H29 and H30 indicate an anomalous entry in the relevant field, Hn, of the Hipparcos catalogue (for more details see the explanatory supplement). In the following H10 indicates that the star is flagged in H10 as being in a binary or multiple system; H29 indicates that 20 percent or more of the data were rejected in the astrometric solution and H30 indicates that the goodness of fit statistic is greater than 3, possibly implying a poor astrometric solution. DP Vel; HIP 46610; Photometry too sparse; see paper 1. AW Per; HIP 22275; Binary; see paper 1. AX Cir; HIP 72773; Binary; see paper 1; H10, H30. UX Per; HIP 10332; Peculiar velocity ∼ 500 km s −1 ; H10, H29, H30. SS CMa; HIP 36088; Peculiar velocity ∼ 200 km s −1 . V Vel: HIP 45949; Rejected by PMB due to discrepant radial velocity. Rejected by Caldwell & Coulson (1987) due to discrepant colours. Peculiar velocity ∼ 80 km s −1 . SU Cru; HIP 59996; Rejected by PMB due to discrepant radial velocity. Peculiar velocity ∼ 240 km s −1 ; H10, H29. SY Nor; HIP 77913; Peculiar velocity ∼ 100 km s −1 ; H10, H30. TW Nor; HIP 78771; Peculiar velocity ∼ 100 km s −1 . This is an important star in, or in the direction of, the open cluster Lynga 6. Caldwell & Coulson (1987) rejected it as a PL calibrator because it gave a discrepant zero-point but more recently Laney & Stobie (1994) have included it in a zeropoint determination by the cluster method.
FIRST ORDER SOLUTION FOR GALACTIC ROTATION
It is useful to begin with a simple, first order ("Oort" type) solution for galactic rotation from the proper motions. The relevant equation is generally written in the form;
where uo and vo are the components of the local solar motion (with respect to young objects) towards the galactic centre and in the direction of galactic rotation. The Oort constants are defined by
where R is the distance of the star from the galactic centre and Ω the angular velocity (=Θ/R, Θ being the circular velocity). Subscript "o" indicates the values of these quantities at the solar position. However, the quantity of interest is often not B itself but
It is useful therefore to solve equation 6 in the form:
Thus here and in the rest of the paper we work in terms of A and Ωo, but explicit values of B are given for our final solutions. Because of the uniformity of the Hipparcos reference frame and the fact that it is tied to the positions of extragalactic objects, the values of B and Ωo (which are directly affected by any rotation of the reference frame) should be considerably more reliable than previous values.
There have been a large number of determinations from radial velocities of the components of the local solar motion from Cepheids. These stars are expected in the mean to be in circular rotation about the Galactic Centre. There is some discussion of the local solar motion, relative to extreme population I objects, in section 9, below. We adopt in this section either uo = 9 and vo = 13 km s −1 or uo = 9.32 and vo = 11.18 km s −1 . The latter is from PMB. Table 4 shows a number of solutions for A and Ωo. Except in the case of solution 3, the distances used in these solutions were obtained with the PL relation derived in paper 1 from the Hipparcos trigonometrical parallaxes, viz.
together with reddenings obtained from equation 1 above. For solution 3 the "PLC" distances discussed in section 3 were used. Solution 4 shows the effect of decreasing all distance moduli by 0.4 mag. In solutions 5 and 6 the data are divided into two groups on the basis of the stellar distance, and in solution 7 the effect of forcing 2A to equal Ωo, as is required for a flat rotation curve (Θ = constant), is shown. These various solutions show that the derived constants are rather insensitive to the adopted distance scale. There is a suggestion that the derived value of A increases with distance (though the increase is within the errors). This may be due both to local streaming motions and (for the more distant stars) to the neglect of higher-order terms in the equation used (equation 10). Forcing a flat rotation curve on the data leads to a distinctly smaller value of A (13.34±0.42) than that derived from the other solutions. Figure 1 shows a plot of the distances of Cepheids with Hipparcos proper motions projected onto the Galactic Plane (PL distances). Whilst many previous studies of galactic rotation from proper motions have referred to a relatively small region around the sun, the Hipparcos data covers a significant region of the Galactic Disc.
The quantity (κµ ℓ * − (uo sin ℓ − vo cos ℓ)/d)/ cos b is shown in Fig 2 plotted against galactic longitude (ℓ) for solution 2 of Table 4 . Figures 3 and 4 show similar plots for the nearer and more distant stars (solutions 5 and 6), the curves in each case illustrate the corresponding solutions in Table 4 .
Whilst the effect of Galactic rotation on proper motions has long been known (e.g. Oort 1927), it does not seem to have been possible prior to the Hipparcos results to demonstrate this from plots of proper motions for individual stars in the way shown in Figs 2, 3 and 4. Note that the three stars which lie conspicuous above the others in Figs 2 and 3 are α UMi, δ Cep and RT Aur. These stars are sufficiently close to the sun that their peculiar velocities have a large effect on their proper motions. Their deviations from the mean curve can be accounted for by quite modest peculiar velocities (10 to 20 km s −1 ). In view of the weighting system adopted, they have little effect on the derived galactic rotation parameters.
GALACTIC ROTATION INCLUDING HIGHER ORDER TERMS. I
In this and the next section we discuss the results obtained when higher order terms are introduced into the Galactic ro-tation formulae. The present section adopts the formulation used by PMB in their analysis of Cepheid radial velocities. This involves retaining terms in d/Ro and also higher derivatives of Θ. Thus to the level of approximation adopted by PMB the relation in Galactic longitude becomes;
where, Θ ′′ = d 2 Θ/dR 2 and Θ ′′′ = d 3 Θ/dR 3 . We have not attempted to derive a value of Ro from the proper motions but have adopted a value from PMB either directly or adjusted to the Hipparcos parallax distance scale (section 3) by using fig 5 of PMB. Table 5 gives the results of various analyses. Solution 1 is the radial velocity solution adopted by PMB. It should be noticed that the errors given in this case are "internal" errors and do not include any uncertainty in the distance scale adopted by PMB. For instance if their PLC zero-point is uncertain by 0.1 mag then the rms error of their derived value of A is 0.7 km s −1 kpc −1 due to this cause alone. Solution 2 shows the effect on some of these constants of increasing all the PMB distance moduli by 0.2 mag. These results were derived from fig 5 of PMB. The remaining solutions are from the proper motion data. For solutions 3 to 13 the adopted distances were derived from the PL relation obtained from the Hipparcos trigonometrical parallaxes in paper 1 together with the PC relation adopted there. In solutions 14 to 19 the distances were determined from the PLC relation derived in section 3 above together with the reddenings discussed there.
In several of the proper motion solutions the values of uo and vo were fixed at the values derived by PMB (solution 1). Similarly in some solutions the values of Ro, Θ Table 7 section 9), e.g. solutions 5, 7 and 9. The value of A obtained (solution 11) when a flat rotation curve is assumed is significantly lower than other values. This is discussed further in section 7. The value of Ωo is evidently rather insensitive to the precise method of solution.
To the extent that the proper motion results have failed to confirm the values of Θ ′′ o and Θ ′′′ o derived from radial velocities by PMB, there must be a question as to whether the values for these quantities given by PMB are of general significance for the Galaxy or simply the effects of random or group motions (including streaming along spiral arms) of the sample of objects they studied. Nevertheless, in comparing the values of A determined from proper motions and from radial velocities it seemed best to fix the values of uo, vo, Ro, Θ 5 of PMB) to a revised zero-point of the PLC relation (equation 3) of ρ2 = −2.43 ± 0.13 However, the reddenings adopted by PMB differ slightly in the mean from those in Table 1 and this must be taken into account in comparing the value of ρ2 derived from proper motions and radial velocities with that derived in section 3 directly from the trigonometrical parallaxes. The reddening difference is ∆EB−V = 0.011 ± 0.003 (from 194 Cepheids in common) with the reddenings of PMB being greater. Taking this difference into account we obtain; ρ2 = −2.42 ± 0.13 which agrees closely with the value derived from the trigonometrical parallaxes, viz; ρ2 = −2.38 ± 0.10.
Whilst this forms a very useful check on the distance scale derived from the Hipparcos trigonometrical parallaxes, it should be realised that any statistical parallax determination is dependent on the model adopted for galactic motions and therefore does not have the fundamental status of the trigonometrical parallaxes.
PMB derive Ro = 8.09 ± 0.30 kpc from radial velocities, where the quoted error does not take into account uncertainties in their adopted distance scale. This may be revised using the Hipparcos trigonometrical parallax zero-point and accounting for the difference in reddening systems. One then obtains (using fig 5 of PMB) , Ro = 8.5 ± 0.5 kpc, where the standard error now takes into account the uncertainty in the PLC zero-point.
GALACTIC ROTATION INCLUDING HIGHER ORDER TERMS. II
In a recent paper Metzger et al. (1997 =MCS) have reinvestigated the galactic kinematics of Cepheids from radial velocities and have in particular found some evidence for a weak ellipticity of the galactic disc. The zero-point of their adopted PL relation was re-evaluated in section 3 above. In the approximation adopted by MCS, which includes the assumption that the rotational velocity (Θ) is constant, so that, Θo = 2ARo, the proper motions in galactic longitude should be given by the following expression
where
and f is a constant equal to Θos(Ro). s(Ro) is the galactic ellipticity term as defined by MCS. The radial velocity solu-tions of MCS lead to f = +10.2 ± 3.8 km s −1 . A variety of solutions have been carried out using the Hipparcos proper motions to solve equation 13. These include adopting values for uo and vo from the radial velocity solutions of PMB (see previous section) and MCS (9.30 and 13.50 km s −1 ). The results are shown in Table 6 where the first solution is the radial velocity solution adopted by MCS. In carrying out out these analyses distances have been determined using the PL and PC relations discussed in paper 1. As indicated above the reddening corrections adopted by MCS should be on a system close to this. In no case did the proper motion solutions yield a value for f which was significantly different from zero. The errors of f from proper motions are comparable with those in the MCS radial velocity work. This leaves open the possibility that the positive value of f found by MCS might reflect group motions, including flows along spiral arms, rather than a general ellipticity of the galactic disc. It is worth noticing that in a recent paper on Cepheid radial velocities Pont et al. (1997) find no significant evidence for non-axisymmetric components in the rotation of the outer galactic disc.
As in the case of the solutions of the previous section the value of Ωo is quite insensitive to variations in the various other parameters of the solutions. If we adopt solution 6 in which Ro, uo, vo and f are fixed at the values adopted by MCS then Ωo = 26.80 ± 0.83 km s −1 kpc −1 and thus A = 13.40 ± 0.42 km s −1 kpc −1 . The value of A derived from radial velocities scales inversely with the distance scale (or very nearly so). Thus the value derived by MCS from radial velocities (15.47 ± 1.2, note that this error is from the two errors quoted by MCS in quadrature) together with the value just derived from proper motions, indicates that the MCS scale is underestimated by 0.31±0.19 mag. Whilst this estimate agrees within the errors with that derived from the parallaxes in section 3 (0.15 ± 0.09 mag) it cannot be regarded with particular confidence. Reference to sections 5 and 6 shows that when the rotation curve is assumed flat the value of A derived from the proper motions is smaller than when the rotation curve is not so constrained. This clearly illustrates that the model adopted in deriving distance scales from proper motions and radial velocities may have a significant effect on the derived result. In this particular case the problem probably arises because the assumption of a flat rotation curve only affects second and higher order terms in the radial velocity solutions, but affects the proper motion solutions in the first order terms.
MCS derive a value of Ro = 7.66 ± 0.54 kpc (combining their two quoted error estimates). The quoted error allows for uncertainty in their adopted distance scale. The PL zeropoint (section 3) from the trigonometrical parallaxes scales this result to 8.2 ± 0.6 kpc. As MCS point out the value of Ro that they derive is sensitive to the galactic ellipticity term. If this is set equal to zero a further increase in Ro of about 4 percent is necessary which would bring their value to about 8.5 kpc, i.e. to the value derived above from the PMB work. Tables 4, 5 , and 6 show that, apart from the solutions in which Ωo was constrained to equal 2A, the former is always less than the latter. Since, (15) this indicates that in the mean the rotation curve is declining over the region covered by the Cepheid proper motions. Taking into account the covariance of Ωo and A in the various solutions the values of Θ ′ o are −2.8±1.3 km s −1 kpc −1 for the first order solution (Table 4 solution 2) and −2.4 ± 1.2 for solution 19 of Table 5 . This is thus a 2-σ result. Evidence for a declining rotation curve at the Sun's distance from the Galactic Centre is strengthened if we accept the radial velocity result (PMB, see section 6 above) that Θ ′′ o is also negative.
AN ESTIMATE OF Θ ′ O AND THE DISTRIBUTION OF VELOCITY RESIDUALS
As Fig 1 shows , the Cepheids in the Hipparcos sample cover a range in R from about 6 kpc to 12 kpc (adopting Ro = 8.5 kpc). There is other evidence for a declining rotation curve over this range of galactocentic distances. For instance Brand & Blitz (1993) than the one derived from Cepheid proper motions, but in view of the uncertainties the difference is probably not significant. Brand & Blitz fit a gradually rising rotation curve to their complete data set and attribute the declining portion to the effects of local streaming motions. The fact that the decline is seen in both the radial velocities and the proper motions which sample the velocity field in different ways, must strengthen the view that the decline is a major kinematic feature of this region of the Galaxy. It should also be noted that Binney & Dehnen (1997) have argued that the rise seen in the Brand-Blitz rotation curve for R > 12 kpc may be an artifact of the spatial distribution of objects in the Brand-Blitz sample and that the rotation curve may in fact continue to decline in the outer regions of the Galaxy. More recently Pont et al. (1997) have given evidence from radial velocities of Cepheids in the outer galactic disc that the rotation curve declines, at least initially, beyond the solar distance from the Centre. Figure 5 shows the residual velocities of the Cepheids in galactic longitude as seen projected on the Galactic Plane. These were derived from the proper motions adopting solution 19 of Table 5 . It should be borne in mind that on the average the uncertainty in these velocity residuals increases with distance (since they are derived from proper motions). It has long been known that the radial velocity residuals for young objects (OB stars, Cepheids) are not randomly distributed but tend to show clumping on a scale of order of a kiloparsec (Weaver 1964 , Feast 1967 ) which may possibly be associated with spiral structure (Humphreys 1972) . Recent radial velocity work on Cepheids continues to show evidence of such clumping (PMB, MCS). There is some slight suggestion of clumping of velocity residuals in Fig 5 ( e.g. for distant stars in the anti-centre direction) but the evidence is not strong and there is no very obvious correlation of the velocity residuals from proper motions with those from radial velocities (e.g. fig 7 of PMB) . 
THE LOCAL SOLAR MOTION
A large number of determinations of the local solar motion relative to young objects have been made in the past. No attempt is made to review them all here. Table 7 contains the results of recent Cepheid work. Solution 1 shows the values of uo and vo derived by PMB from radial velocities, and solution 2 shows the results of MCS, also from radial velocities. Solutions 3 and 4 are mean values derived in the present paper from the proper motions in galactic longitude. Solution 3 is a straight mean of the results in Table 5 for solutions 5, 7, 9, 12, 14 and 16. Similarly solution 4 is a straight mean of solutions 2, 4, 7, 9, 10 and 12 in Table 6 . These solutions are given primarily to show that the values of uo and vo derived from the proper motions do not differ significantly from those obtained from the radial velocities.
The proper motions in galactic latitude can been used to derive a value for the component of the solar motion relative to Cepheids towards the north galactic pole, wo. This quantity cannot be satisfactorily determined from radial velocities since Cepheids and other young objects lie mainly at low galactic latitude. The equation we have used is,
Since Cepheids are generally close to the galactic plane all of the terms on the right hand side of this equation except the first are small. We have adopted constants from solution 19 of Table 5 with distances from a PLC solution as in section 3. Table 8 shows the results obtained with the material divided up in various ways. The Cepheids X Cyg (HIP 102276) and RV Sco (HIP 83059) have relatively large residuals from the general solution. Thus solutions omitting them are given. Figure 6 shows the velocity residuals in galactic latitude from solution 1 as seen projected on the Galactic Plane. As with the velocity residuals in the Plane (Fig 5) there is some slight suggestion of a non-random distribution of residuals. There is also some suggestion that the mean residual might be different for stars in the anti-centre direction (positive X) and those with negative X. But the standard errors of solutions 4, 5 and 6 show that any overall difference is hardly significant.
Since there may be some concern that the constraints placed on the rotation curve in the MCS type analyses may affect the derived value of vo, the best values for the components of the local solar motion from Cepheids are probably the radial velocity values of uo and vo from solution 1 of Table 7 and the proper motion solution for wo (solution 1 of Table 8 ). These are given as solution 6 in Table 7 . For comparison the values for young objects derived by Delhaye (1965) are given as solution 7. It is clear that the modern results remain quite similar to his values.
CONCLUSIONS
The following parameters have been derived: A = 14.82 ± 0.84 km s −1 kpc −1 ; B = −12.37 ± 0.64 km s −1 kpc −1 ; Ωo = 27.19 ± 0.87 km s −1 kpc −1 ; (dΘ/dR)o = −2.4 ± 1.2 km s −1 kpc −1 ; uo = +9.3 km s −1 (adopted from radial velocity solutions); vo = +11.2 km s −1 (adopted from radial velocity solutions); wo = +7.61 ± 0.64 km s −1 ; Ro = 8.5 ± 0.5 kpc. The distance scale implied by the comparison of the value of A derived from the proper motions with that derived from radial velocities is found to be in agreement with that derived directly from the Hipparcos trigonometrical parallaxes of the same stars. arXiv:astro-ph/9706293v1 30 Jun 1997 
